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SPECIES OF GOSTA RICA, WITH AN EMPHASIS ON SPECIMENS REARED 
FROM CATERPILLARS IN AREA DE CONSERVACIÓN GUANACASTE? 
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ABSTRACT. Eighty-six species of Costa Rican Alabagrus are treated; these include species reared from lepidopteran larvae in Área de 
Conservación Guanacaste, Costa Rica, over 32 years of caterpillar inventory. Sixty-five new species are described, that is, A. almasolisae, A. 
andresfreitasi, A. andywarreni, A. axelhausmanni, A. barbsharanowskiae, A. bernardoespinozai, A. bobpoolei, A. bobrobbinsi, A. bobwhartoni, A. 
brendameierottoae, A. brianbrowni, A. brianharrisi, A. craigevansi, A. donharveyi, A. donlafontainei, A. fernandezi, A. fernandodiasi, A. 
genemonroei, A. hansoni, A. hespenheidei, A. iankitchingi, A. ilgookangi, A. isidrochaconi, A. jackiemillerae, A. jeanfrancoislandryi, A 
jeanmariecadioui, A. jennyphillipsae, A. jimmilleri, A. johnbrowni, A. johnburnsi, A. johnobryckii, A. johnsharkeyi, A. kaciejoae, A. karensharkeyae, 
A. kaydodgeae, A. keithwillmotti, A. leedyeri, A. lindapitkinae, A. longinoi, A. malcolmscoblei, A. marcepsteini, A. mariaheikkilae, A. markmetzi, A 
mattottoi, A. nickgrishini, A. patsharkeyi, A. paulgoldsteini, A. paulheberti, A. paulsharkeyi, A. paulthiaucourti, A. quickei, A. ramyamanjunathae, A 
reddypallii, A. rudolfmeieri, A. sarahmeierottoae, A. sarahsharkeyae, A. scottmilleri, A. scottshawi, A. semihespenheidei, A. stiremani, A. 
tanyadapkeyae, A. tommyersi, A. victoriapookae, A. yuanmaofangi, and A. yuchinkengae. 

Species limits primarily based on cytochrome c oxidase subunit I mitochondrial DNA sequence data greatly differed from previous 
morphological attempts to delimit species of Alabagrus. As a result, 17 species reported to occur in Costa Rica are no longer considered to be 
present in the country, that is, A. albispina, A. imitatus, A. juchuy, A. kagaba, A. latisoma, A. latreillei, A. maya, A. mojos, A. nahuatl, A. nigrilitus, 
A. pachamama, A. paruyana, A. parvifaciatus, A. semialbus, A. tricarainatus, A. tripartitus, and A. warrau. Furthermore, five species have been 
found to be composed of species complexes, that is, A. cocto, A. englishi, A. pecki, A. roibasi, and A. yaruro. These difficulties point to the 


impossible task of delimiting species of Agathidinae solely with morphological evidence. 
An illustrated key to species, and a plate of color photos of each species are provided. 


INTRODUCTION 


This article is the third in a series revising the species of Agathidinae 
reared from lepidopteran caterpillars as part of the inventory of the 
caterpillars and their parasitoids of Area de Conservacién Guanacaste 
(ACG), northwestern Costa Rica (http://janzen.sas.upenn.edu; http:// 
www.acguanacaste.ac.cr; Janzen et al., 2009). It includes a key to 87 
species of Alabagrus Enderlein, of which 65 are newly described. This 
is not meant to be a comprehensive treatment of the Costa Rican 
fauna of Alabagrus. A conservative estimate, based on extensive 
collections at Instituto Nacional de Biodiversidad (INBio; Costa 
Rica), the Universidad de Costa Rica, and the Hymenoptera Institute 
(Lexington, Kentucky), is that about 300 species occur in the 
country. 

New World members of Alabagrus may be distinguished from other 
agathidines by the following combination of character states: simple 
claws with a basal lobe, frons bordered laterally by carinae; first 
metasomal median tergite distinctly convex and/or with a median 
ridge, gena not elongate. All are presumed to be koinobiont 
endoparasitoids of concealed larvae of Crambidae. Pharpa Sharkey, 
1988, is the sister group to Alabagrus (Sharkey, 1988) and is used here 
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as the outgroup for the phylogenetic analyses. Both genera are 
restricted to the New World. 

We include a molecular data set consisting of 680 Alabagrus 
operational taxonomic units (OTUs) sequenced for cytochrome c 
oxidase subunit I (CO/) for approximately 60 species. The majority of 
specimens (624) were reared from caterpillars (those with specimen 
numbers beginning with DHJPAR). 

Alabagrus was first revised by Sharkey (1988), who included 104 
species. Leathers and Sharkey (2003) revised the species of Alabagrus of 
La Selva, and included previously described species known to occur in 
Costa Rica. They treated 39 putative species, including six new species. 
These two revisions relied solely on morphological evidence. The species 
concepts in the present treatment were formulated with the assistance of 
COI sequence data and a plethora of host data as the result of rearings in 
Area de Conservacién de Guanacaste. These data have had a profound 
effect. There are many more cryptic species than previously thought, 
and many species with presumed wide distributions are more likely to be 
species complexes whose component species have relatively restricted 
distributions. As a result, 17 species, reported to occur in Costa Rica by 
Leathers and Sharkey (2003), are no longer considered to be present in 
the country, these are Alabagrus albispina, A. imitatus, A. juchuy, A 
kagaba, A. latisoma, A. latreillei, A. maya, A. mojos, A. nahuatl, A. 
nigrilitus, A. pachamama, A. paruyana, A. parvifaciatus, A. semialbus, A 
tricarainatus, A. tripartitus, and A. warrau. Furthermore, five of the 
species reported by Leathers and Sharkey (2003) have been found to be 
composed of species complexes, that is, Alabagrus cocto, A. englishi, A 
pecki, A. roibasi, and A. yaruro. These difficulties point to the impossible 
task of delimiting species of Agathidinae solely with morphological 
evidence. 
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METHODS 
SPECIMEN INFORMATION 


Most specimens used in this study are deposited in the Entomology 
Museum of Utah State University and the Hymenoptera Institute 
Collection, with the exception of specimens with numbers beginning 
with “BIOUG,” which are deposited at the University of Guelph, 
Centre for Biodiversity Genomics, Ontario, Canada. Source files for the 
keys, descriptions, illustrations, DNA sequences and distributional data 
are all freely available to future researchers who may wish to build on 
these records. The detailed specimen records are available by search of 
the individual specimen DHJPARxxxxxxx voucher codes at the Janzen 
database (http://janzen.bio.upenn.edu/caterpillars/database.lasso). Some 
of the Lepidoptera hosts are incompletely identified; however, they also 
have unique names, such as Desmia Solis19 (which is an interim name 
for Desmia species 19 as determined by M. Alma Solis of the U.S. 
Department of Agriculture Systematic Entomology Laboratory, Wash- 
ington, D.C.). These names will be updated in the Janzen database 
when the species is baptized with a formal scientific name, but the 
interim name, in this case Desmia Solis19, will remain searchable in that 
database. Host caterpillars are uniquely identified by their own voucher 
code system, which is recognizable by YY-SRNP-XXXXX, where YY is 
the two-digit year and XXXXX is a unique number within that year. 

DNA trace files and primer information are available through the 
Barcode of Life Data Systems (BOLD, http://www.boldsystems.org; 
Ratnasingham and Hebert, 2007), as is specimen information for 
specimen numbers INBxxxxxxxxxx, INBIOCRIxxxxxxxxx, and BIO- 
UGxxxxx-xxx. Specimen information for specimens with numbers 
beginning with the letter “H” are stored in the Symbiota database 
(Gries et al., 2014; Symbiota Collections of Arthropods Network, 
http://symbiota4.acis.ufl.edu/scan/portal/) under the Hymenoptera 
Institute Collection (HIC). To search for a specimen in the database, 
do the following: Under the Search tab (upper left of the screen), select 
Search Collections. Deselect all collections, and scroll down the Southeast 
section, put a check in the box next to Hymenoptera Institute Collection, 
scroll back up and hit the Search button (right side of screen). H- 
numbered specimens are stored with a four-letter prefix (HICH) 
followed by a six-digit number. Therefore, H369, as it appears in this 
publication, is stored as HICHO00369. To search for this specimen, 
scroll down to the Specimen Criteria section, type this number in the 
box next to Catalog Number and hit the search button. This displays a 
page with a summary of the specimen information. Clicking on Full 
Record Details opens a new window with the full specimen record, 
including all available images. 

Each species is diagnosed and described or redescribed, and a plate of 
images with a chronogram of occurrence is included for each. 


SPECIES CONCEPTS 


The biological species concept is used with evidence drawn from CO 
sequences, morphology, and host use as indirect evidence for species 
integrity. CO/ was the primary source of evidence with no particular 
percent divergence employed as a cut-off. The sequence data were 
checked against morphological and host-use data, and these corrobo- 
rated or (rarely) refuted the sequence data. 


TAXON SAMPLING 


For molecular analyses, we used all Alabagrus sequences available to us 
on the BOLD database from Costa Rica. Once we removed a few 
sequences that were contaminated in some way, this amounted to 636 
sequences. To this, we added 44 Alabagrus sequences generated by the 
Sharkey lab from Costa Rica, Honduras, Mexico, and USA. 
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MORPHOLOGICAL TERMS 
Morphological terms are from Sharkey and Wharton (1997). The reader 


is advised to search for any morphological term that is not understood 
on the Hymenoptera Anatomy Ontology website (http://portal.hymao. 
org/projects/32/public/ontology/; Yoder et al., 2010). To do this, enter 
the term in the search box, select the best match from the list that pops 
up, and click on the show button. 


MUSEUM ACRONYMS 


CNCI Canadian National Collection of Insects, Ottawa, Canada 

EMUS Utah State University, Department of Biology, Entomology 
Museum, Logan, Utah, USA 

HIC University of Kentucky, Department of Entomology, Hymenop- 
tera Institute Collection, Lexington, Kentucky, USA 

INBio Instituto Nacional de Biodiversidad, Santo Domingo de Heredia, 
Costa Rica 

MUCR Ciudad Universitaria, Universidad de Costa Rica, Museo de 


Insectos, Costa Rica 


DNA EXTRACTION, PCR, AND SEQUENCING 


Specimens sequenced in this study are from a variety of sources. 
Specimens with numbers beginning with DHJPAR, INB, INBIOCRI, 
or BIOUG were extracted and sequenced for COZ at the University of 
Guelph following the methods outlined in Hebert et al. (2004). 

Specimens with numbers beginning with the letter “H” were 
extracted from individual legs with the QIAGEN DNeasy Blood and 
Tissue Kit using the animal tissue protocol (QIAGEN Inc., Chatsworth, 
California, USA). The mitochondrial CO/ (~658 bp) gene was 
amplified with the primer pair LepF1 and LepR1 (Hebert et al., 
2004). Polymerase chain reaction (PCR) was conducted using TaKaRa 
reagents, with each reaction consisting of 1X buffer, 0.3 mM 
nucleotides, 0.4 uM of each primer, 0.625 U TaKaRa Ex Tag, 
double-distilled water, and 1-3 uL template DNA in a total reaction 
volume of 25 uL. The thermal cycling protocol had an initial 
denaturation period at 95 *C for 2.5 min, followed by 40 cycling steps 
which denatured at 95 °C for 30 s, annealed at 44 °C for 30 s and 
extended at 68 °C for 45 s, with a final extension step of 72 °C for 7 
min. To determine reaction success, PCR products were electrophoresed 
in 1% agarose stained with ethidium bromide. PCR products were 
outsourced for Sanger sequencing either by the Advanced Genetic 
Technologies Center (University of Kentucky, Lexington, Kentucky, 
USA) or Beckman Coulter Genomics (Danvers, Massachusetts, USA) 
using labeled dideoxy-nucleotides with ABI 3730, Big-Dye Terminator 
mix v. 3.0, or with ABI PRISM 3730xl, BigDye Terminator mix v. 3.1 
(Applied Biosystems, Foster City, California, USA). 


DNA ASSEMBLY AND PHYLOGENETIC ANALYSIS 


Bidirectional sequences were aligned and edited using Geneious Pro (v. 
6.1.5; Drummond et al., 2009) and multiple alignments were assembled 
using MAFFT (v. 5; Katoh et al., 2006) using the default settings and 
refined by eye using MacClade v. 4.08 (Maddison and Maddison, 
2005). Maximum likelihood (ML) phylogenetic analyses were conduct- 
ed on the CO/ data set using Garli (v. 2.01; Zwickl, 2006). The data set 
consisted of 680 Alabagrus OTUs and one sequence from a species of 
Pharpa Sharkey, which was shown to be sister to Alabagrus in the most 
comprehensive molecular agathidine phylogeny to date (Sharkey and 
Chapman, 2017) for outgroup rooting. The data were partitioned by 
codon position (three partitions). We applied the most complex model 
available (GTR--H-G; Rodriguez et al., 1990) to each partition as per 
recommendations of Huelsenbeck and Rannala (2004) for likelihood- 
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Figure 1 Tree of highest posterior probability from a 10 million-generation Bayes analysis of COI. Species are collapsed (when possible) into single terminals (terminal 


triangles), with the number of OTUS for each collapsed species in parentheses. The length of the triangles represents the branch length from the node to the tip of the 
longest branch. 
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based analyses. We conducted a 50-replicate ML search for the tree of 
highest log-likelihood and a 200-replicate ML bootstrap analysis 
(Felsenstein, 1985). Both analyses used the default settings. 

A Bayesian inference (BI) phylogenetic analysis was also conducted 
on the COI data set with MrBayes (v. 3.1.2; Huelsenbeck and Ronquist 
2001; Ronquist and Huelsenbeck 2003). As in the ML analyses, the 
data were partitioned by codon position. To allow each partition to have 
its own set of parameter estimates, revmat, tratio, statefreq, shape, and 
pinvar were all unlinked during the analyses. To obtain the most 
accurate branch length estimates possible, the option prset ratepr=vari- 
able (which assigns a separate branch length parameter for each 
partition) was employed as per the recommendations of Marshall et al. 
(2006). A temperature (t) setting of 0.01 was used because there was 
insufficient chain swapping in a pilot run with the default value 20.1. 
With t=0.01, the average chain swapping value was 55%. Two 
independent, simultaneous BI searches were run for 10 million 
generations, saving a tree every 1000 generations, with four search 
chains each. The average standard deviation of split frequencies was 
0.0235 at the completion of 10 million generations. The log-likelihood 
values of the chains in both analyses plateaued just above —10,000 by 3 
million generations and did not go any lower by the completion of the 
run. The likelihood of best state for the “cold” chain of run 1 was 
—9911.85 and that for the “cold” chain of run 2 was —9912.76. The 
5000 post-burn-in trees from each run (10,000 total), using a 50% 
burn-in were used to calculate the majority rule consensus tree using 
PAUP* (v. 4.0810; Swofford, 2003). The data set analyzed herein, 
including the MrBayes command block and Garli configuration files are 
available from the authors upon request. 
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RESULTS 
PHYLOGENETIC TREES 


The tree of highest posterior probability from the Bayesian analysis with 
species collapsed into single terminals (when possible) is shown in 
Figure 1, including nodal support values from the Bayes and ML 
analyses. We also present four supplemental trees: Bayesian tree of 
highest posterior probability (Supplemental Figure 1), Bayesian 
consensus tree (Supplemental Figure 2), tree of highest log-likelihood 
(Supplemental Figure 3), and ML bootstrap consensus tree (Supple- 
mental Figure 4). 


PHYLOGENETIC CONSIDERATIONS 


The phylogenetic tree in Figure 1 does not have well-supported basal 
branches. Its primary purpose was as a source of evidence to delineate 
species. Nonetheless, several lineages are worth noting. Alabagrus 
fernandodiasi, A. jackiemillerae, and A. jeanmariecadioui form a clade, 
and all members are similar in color and morphology (BIPP=81, 
MLBS<50). None are represented by males, which is unusual 
considering each is represented by 24 or more specimens. It may 
represent a parthenogenetic clade. Three species, Alabagrus donlafontai- 
nei, A. cuna, and A. scottmilleri, are distinctly sexually dichromatic, and 
all are found in a clade composed of five species (BIP=84, MLBS<50). 
One of the other species, A. axelhausmanni, is represented by a male 
only as the holotype, and the other member of the clade, A. donnai, have 
males that are darker (orange rather than yellow) than females 
(BIPP=99, MLBS=82). Overall it is common to have structural sexual 
dimorphism in members of A/abagrus. In particular, sculpture of the 
propodeum is often much more pronounced in males than females. 


KEY TO COSTA RICAN ALABAGRUS 


If you know the species of the host caterpillar it might be best to use the search function on electronic versions of this publication and find the species 
of Alabagrus that is (are) on the host, and check your specimen against the images and description. It is doubtful that this key will be very useful 


outside of Costa Rica and adjacent countries. 


1A. Gena right angled or acute posteroventrally..................... 


1B. Gena rounded or with an obtuse angle posteroventrally ............. 


Couplet 1 
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UI O mostly or entirely Tue ble... oto ar pets ewe eee eS Se was Sot eq le eee eS 3 


2D Li Tiree it tlle ai a 63 





Couplet 2 
3215: Forewins. almost entirely Iafüscate, ¡store small clear parches posteciad: stigma pa 4 
212). Forewing. pattemegrminlares Cheats white: or yellow Add EAA 18 





Couplet 3 
4(3)A. First'tergum varying from weakly-convex to: with a rounded longitudinal bulge........................ demeurent ranae teinte tnb a 5 
AOB: Eirstteteum with welldefined median lóngitudinal CA A AEA E A E A A 14 





Couplet 4 
A A ail aap tli A M MM IU A iiU 6 
51415. Propodeun palets ts in n cc — 8 
SUE. Propodeum melaniciantenorlys paleiposteriorl yi. A A AA iore ase it A. combos 





Couplet 5 
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6(5)A. Hind femur with weak sparse punctures ventrally, little or no more heavily sculptured than dorsal surface................................. sss 7 


6(5)B. Hind femur heavily sculptured ventrally with aciculations or rugosities, distinctly more heavily sculptured than dorsal surface 
m rc b eU NOM M A. donbarveyi n. sp. 








Couplet 6 
AOA eh dian teroite ] qid BE Lou en ounce savas A A. leedyeri n. sp. 
AOB Median tergite le WIES eiii adir toe E siu E Anteaters AR A oo Rc dd A. jobnsbarkeyi n. sp. 
Couplet 7 
SA Median: Cere itet pls a A nain re R ha eu, Mec o Mm eccl f uS ee uot en 9 
Si 5) >. Median feilfe.D pal ARTO melanie posteri on yy. ns coco deci E tug Dei a ia A. watsoni 





Couplet 8 
9(8)A. Hind femur with weak sparse punctures ventrally, little or no more heavily sculptured than dorsal surface...................................s 10 
9(8)B. Hind femur heavily sculptured ventrally with aciculations or rugosities, distinctly more heavily sculptured than dorsal surface ......... 12 





Couplet 9 
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(MAA timer e ent eget rt a A A TTE K) 


I0C9)B. Hind, coxa: palesmedielly with a larse melanie. patch or verticalestripe laterally cusco isis tear ees A. sarapiqui 





Couplet 10 
A A e A A quu ned A. donnai 
LOE. Body blapleand red tu; blat atta Orage ii A is A. jimmilleri n. sp. 





Couplet 11 
127) Potiultimáre menso teres (oftensmote terga) IA AAA EN EAER E A. combos 
12) B. Benaltimare metisomal! tergum: gale, reddish orange TOY rro e a a 13 





Couplet 12 
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13(12)A. Precoxal sulcus with one or several distinct foveae posteroventrally, with or without a smooth groove extending anteriorly; pale 


A M. A. A p c cm TL A. donnai 


13(12)B. Precoxal sulcus distinct and foveolate V? or more length of mesopleuron; pale parts of body orange................................... A. arawak 





Couplet 13 


14(4)A. Hind femur with weak sparse punctures ventrally, little or no more heavily sculptured than dorsal surface.................................... 15 


14(4)B. Hind femur heavily sculptured ventrally with aciculations or rugosities, distinctly more heavily sculptured than dorsal surface 
——————— n —— P RE A nO, A. axelbausmanni n. sp. 








Couplet 14 
PSU, T indetemurs mostly or entirely valgo pr iia A. bernardoespinozai n. sp. 
SCENTS, Hind femur AAA A A A A PR DIS acts d 16 
Couplet 15 
LOCI DAE EPA E ac an VOI. doch paa A A A na canal SU LA p OM ied bte ul MU A. miqa 
ISE. Median tere nc TET eost Der ttd epulo AR ae cas datas EAE E A ut dti c ctespe cc ium E a tEu 17 





l qe Ñ 


arzt 


Couplet 16 
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a O A A O A A auct ro Qr NECK REPE eR MAIER A. bobrobbinsi n. sp. 
MUST E IM ar Nod OUO A rrt iude audias A. karensharkeyae n. sp. 





Couplet 17 
180A Propedcutneatealaie with atles Rone Chosen yard baie an ga 19 
I869)B. Propgdeum' lacking complete peo lae, usually mostly or completely SIDO Pr ..s511:090+r000bssdveesdovoeessesperdorosseeersncoeoesvnneG ooregaronosonntcdeteins 4] 





Couplet 18 
De Ae MM A A Outside 20 
IUNMLBIBA Head aren at least some tracessot pale COM o li irrita A. kaydodgeae n. sp. 





Couplet 19 
20090A- Pesudtimstemetasomoalreraum: (OMO melanie ooo AAA A cn e A E AA ed 21 
20019) B: Penultintate metasonyal tergum pale, ceddish orange to Yellow... voi coi desea A, paulsharkeyi n. sp. 





Couplet 20 
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21(20)A. Hind femur with weak sparse punctures ventrally, little or no more heavily sculptured than dorsal surface.................................... 22 


21(20)B. Hind femur heavily sculptured ventrally with aciculations or rugosities, distinctly more heavily sculptured than dorsal surface .....38 











Couplet 21 
22(21)A. Precoxal sulcus with one or several foveae posteroventrally, with or without a smooth groove extending anteriorly........................ 23 
22(21)B. Precosal'suleuslonger, distinct and foveolate 72*or more length of meses leu rO q.......5.0:+.0s0socenssnoosserenserenssateveessnoesesngavsvensvnven denavels 33 
Couplet 22 
29012). MEDIO mostly IEA MEA A T E 24 
Pa A p Uron moste MA e o E 30 
Couplet 23 
Zu 230 ae E PP i ch dri tdm ve eaten eas nn A A e 25 
24O B: Propodeum AM o can bla esc cp ER US cci tco de dues ue oret ees de dide tm red us 28 
232316. Propodeum ac pale Posterior A dable A. almasolisae n. sp. 





Couplet 24 
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25Q4)A. First tergüm varying from weakly convex to with a rounded longitudinal bülge..................... ee esos nter ntes 26 


25A Ba iso CIE denned median loBplbadia lo CREDI ESA u€ 27 








Couplet 25 
20/95 HITS EH Mosty obec bine STS A A IE ectensceeies A. almasolisae n. sp. males 
2605/B. Hind temurmostly- orentirelysmelanic e REM T O. co UE ASEE rag A. leedyeri n. sp. 
Couplet 26 
2/23 A Media tters ie l narrower With a Stronger median TIC Ce S... ian caccia coo researcher o enit Eaa A. bobpoolei n. sp. males 
27(25)B. Median tergite wider with a weak longitudinal ridge or anteromedial bulge ............................................ A. almasolisae n. sp. males 





Couplet 27 
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2824) A. Hind coxa entirely pale; third tergum with deep transverse depression, ..... aenea raro ratius iaa ies A. tommyersi n. sp. 


28(24)B. Hind coxa mostly pale with a vertical melanic stripe; third tergum lacking transverse depression or depression barely indicated ...29 





Couplet 28 


29(28)A. Forewing with two distinct pale areas, one basally and one below stigma .................................. sss A. almasolisae n. sp. males 


29(28)B. Forewing lacking two distinct pale areas; base of the wing pale with some melanic color behind parastigma..A. marcepsteini n. sp. 








Couplet 29 
30023 Acelibirderereum lackinoatransverserdepressión: or depression barelyandicated cocti ida retina 91 
303)B. Third tere in es co os o A A sedie souet o EATE Ny e Eee oen IURE NI AS SUAE eee Spende 32 
Couplet 30 
3150)A. Forewing bandedifrom Dase yellow, melanie, yellow, -melabilic.............urua iones et nop nee et encajen cintas catas A. genemonroei n. sp. 
31(30)B. Forewing mostly or entirely infuscate often with pale patches that do not form discrete bands................................. esses 17 





Couplet 31 
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32(30)A. First tergum varying from weakly convex to with a rounded longitudinal bulge ................................................. A. tommyersi n. sp. 


32(90)D. Pisto elder taa 17 











Couplet 32 
A A A A A te 34 
SIE Be Mcdiantteroite:sepalevanterionly-qmielaiic postetionly wr... ... Da. iea ee UU ac A eii otra coco AE e E 36 
Couplet 33 
24 \05) AS \edianeterotieml marrow ela with agsttoneetonmedian a ai 35 
34(33)B. Median tergite wider with a weak longitudinal ridge or anteromedial bulge ......................................... A. andywarreni n. sp. males 
Couplet 34 
35(34)A. Third tergum lacking transverse depression or depression barely indicated....................................... esses A. genemonroei n. sp. 
95004)B. Mir cere meth deep erstes al MAA A A ele ED E A. janzeni males 





Couplet 35 
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ao wel dennedimedidm longitudinal Tr 37 
36(33)B. First tergum varying from weakly convex to with a rounded longitudinal bulge ........................................... A. lindapitkinae n. sp. 











Couplet 36 
ne OO AMDICPOO EU dob TT e DT ceca EE a kone quasanas von ov E AAA E AA E REEE: A. janzeni males 
BSG) Er OC CURT ST De (n abc: e voit eque A A o A A. A. bobpoolei n. sp. males 
Couplet 37 
90 7 BAS TSdisn terere pale: niedianJd relie Da A A A A 39 
382D Bs Median tere 1 partly melanie bur pale at base; median tergite 2 elanie s. ea... aecenas eterne treten A. donbarveyi n. sp. 
Couplet 38 
3908 A Third tergumlackibe transverse depression or depression barely indicated! Torarinn nA ae PIERII MU aba itinere rens 40 
3n OB Be Wire sce retin with deep raise rss DEGSSIOD pias ERIS c ER es oet testes MER cue dea cordes sd tbe tics sen Ed A. janzeni males 





Couplet 39 
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A L i ———————————— ——————— A. andywarreni n. sp. males 
2013) BA Ed femur meli dotsalb apale vetri... cocco eee iS A. paulgoldsteini n. sp. 


40(39)C. Hind femur entirely melanic, sometimes with a hint of reddish color ventrally but much darker than A. paulgoldsteini 
uo M o onem MILAN TEN ooo AM eR oL IRE A. ramyamanjunatbae n. sp. 





Coupler 40 
41 (18) As Forefemur entirely melanic:oronlyewith a spottobpaleteblotiapleallyt....... epe ooo rior eterno etur ierant ralem evan ere tee eR ien 42 
A O EUN... LET 37 
dudo HT EC EIIORBIEOIOTE apale and mie [IDs esce titer rera A urs erts A E E RD c v ed Rt TR TR EQ 61 





Couplet 41 
42041) A. Forewing with two distinct yellow bands; one basal to arid the other apical to SUMA ............. essen enen 43 
42(41)B. Forewing with two yellow bands, one distinct basal band and a weaker triangular band directly below (posterior to) stigma ........ 46 
42(41)C. Forewing lacking two distinct bands; pale basally to near level of apex of stigma with a small darkening near parastigma ............ 50 
42(41)D. Forewing with two distinct yellow bands, one basal to and the other directly below (posterior to) stigma ..............................sss 54 





Couplet 42 
ANDA. Third tergum lacking transverse depression or depression barely IB eT dis... «eae eno reete ere reperto ero tert tata papiro 44 
Ds a ann clee A E A EUREN ROME HM aM EEES 45 





Couplet 43 
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KI TEETH OU tdt A. bobpoolei n. sp. females 


AKOE OH a o A A c E A. andywarreni n. sp. females 











Couplet 44 
A a) Mcetapleüron and propodeum bothrentirely Black... esso rociera rare eu venere rent vers vv niunia A. bobpoolei n. sp. females 
45(43)B. Metapleuron and propodeum from mostly black to entirely yellow, one or the other always with some yellow/orange color 
PE ETC C EU OS. Tocem IA... uH TO cn A. janzeni males 
Couplet 45 
46(42)A. First tergum varying from weakly convex to with a rounded longitudinal bulge.................................. eene 47 
46(42) B''Eirst rer TTI [SG Taped median longitidinal carinac 6... OI eene OIE aa a Iuba ab edad ER En EVEN S 49 
Couplet 46 
BAA CVE yale [t fraler E Co o MA e T TTE 48 
47(46)B. Hind coxa mostly pale with a melanic patch laterally or a vertical melanic stripe ................................. A. almasolisae n. sp. females 





Couplet 47 
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48(47)A. Third tergum lacking transverse depression or depression barely indicated; metapleuron entirely pale ............ A. iankitchingi n. sp. 


48(47)B. Third tergum with deep transverse depression; metapleuron partly or entirely melanic....................................... A. tommyersi n. sp. 











Couples 
AV ee A. Meétap Suron and propaueumcbotbrentitels black indi el deis A. bobpoolei n. sp. females 
49(46)B. Metapleuron and propodeum from mostly black to entirely yellow, one or the other always with some yellow color ................ 

A A A O RP. PA A. janzeni males 

Couplet 49 
50(42)A.- First tergum varying from weakly convex to witha rounded longitudinal TT nicer uenerunt natn inhaerens s 
20097) B. First Fereumssvid"welEdelined median longitudinal carina a carac 53 

Couplet 50 
KIOS amr eaer anay DOE NET O EEE OO LEO D 52 
STOOD MENO toa paleswith a a Tela T TS eneee aeaa a a dial A. marcepsteini n. sp. 





Couplet 51 
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KRITI TE ———— ———————— desde naw A. malcolmscoblei n. sp. 


526 1) dol H AM A A A ONE TT One A. nickgrishini n. sp. 











Couplet 52 
25550) Vicapleuron and"propodeumgborh entrelyablacia crio coito Peso nennsrner needed A. bobpoolei n. sp. females 
53(50)B. Metapleuron and propodeum from mostly black to entirely yellow, one or the other always with some yellow color ................ 
Mn A MA SK A AA e A. janzeni males 
Couplet 53 
54042)A. Thirdřtergum lacking transverse depression or depression DATE. cc tina 55 
3442) B o oa Sn T 56 
Couplet 54 
5554) A Metapleùron:mostly orentirely melañic; propodeum Mel sss... luna euer ntrdatada corona re cctancocaciaa A. bobpoolei n. sp. females 
504) DIEI plenton most sor entirely pulevpropodeuin Dale T irana Aie reee iren ieaiai asi ieee a eniana A. genemonroei n. sp. 





Couplet 55 
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SIR IRE TED TOn and propodeum both entirely Blend ade A. bobpoolei n. sp. females 
56(54)B. Metapleuron and propodeum from mostly black to entirely yellow, one or the other always with some yellow color 
Eo DES. LK M A S. A A S o T A. janzeni males 
Couplet 56 
57(41)A. First tergum varying from weakly convex to witha rounded longitudinal Dulcinea 58 
52 «LB. First tergumswith well-defined median longitudinal Carina T dete sesiesseecs tevis totai EEE eko ESERE TEESE NEA EEEE EEAS E aaan A. janzeni 
Couplet 57 
58(57)A. Metapleuron mostly or entirely pale; hind coxa partly or entirely melanic sss ss esse ss sees eee A. longinoi n. sp. 
5667)BAMetapleuron mestyaor entreplanta 59 
58(57)C. Metapleuron mostly or entirely melanic; hind coxa partly or entirely melanic........................................ A. jeanmariecadioui n. sp. 
Couplet 58 
59058 Aca Eh mco TEE ls lo A A A i 60 
59(58)B. Femur of midleg mostly yellow but melanic at midlength, sometimes only ventrally..................................... A. fernandodiasi n. sp. 





Couplet 59 
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60(59)A. Midtibia with 0-3 nonapical spines, precoxal sulcus shorter with fewer crenulae................................... sss A. fernandezi n. sp. 


60(59)B. Midtibia with 5 or more nonapical spines; precoxal sulcus longer with more crenulae .................................. A. andresfreitasi n. sp. 








Couplet 60 
GUADA First tereumevatyine from weakly convex toowithyasrounded Tonsitudinalobülge: micrones terior irene receta 62 
GLB. Firsutereum-With-welledefined-medianlongicudinalicarina ica BORN teste neret es AIN QUIE ran tet veta ENTIS A. janzeni males 
Couplet 61 
(GEIL) T ect e T AEE A A SEA AE ARESA A A A A a A. scottshawi n. sp. 
6261) Ba Median tergite 6 paleanteniosiy melanie posteriorly s... 8... acas ET reai aa mec atm A. jackiemillerae n. sp. 





Couplet 62 
E A TR A Ol 64 
IDEE A. AT: cm A ———— 71 
CA o A len es epee eee coerced CC T 





Couplet 63 
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64(63)A. Hind femur with weak sparse punctures ventrally, little or no more heavily sculptured than dorsal surface .................................... 65 


64(63)B. Hind femur heavily sculptured ventrally with aciculations or rugosities, distinctly more heavily sculptured than dorsal surface .....69 











Couplet 64 
65(64)A. Penultimate imerasomal toral GS often morerterga) ón 66 
05064) B, Penulismatemetasomal tereumapale: reddish orange to yellow geet E aa idari itene T aaaea 67 
Couplet 65 
66(65)A. Propodeum areolate, with at least one closed areola; first tergum with well-defined median longitudinal carina............ A. cuna male 
66(65)B. Propodeum lacking complete areolae, smooth; first tergum weakly convex to with a rounded longitudinal bulge ................ A. varius 
Couplet 66 
Gate El nd coxa entire ble S. cuisses a a E DLE A. yuanmaofangi n. sp. 
67165) B. Bland coxswidrablsck patcnclaverally(mayeonly. be present Dear apex)... erroe etica ra centu rane trn toca duca denaa EEA AAAA pad one AEREE 68 





Couplet 67 
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68(67) These three species are very difficult to separate and this couplet has limited accuracy. 


68(67)A. Forewing distinctly yellow in basal % but lacking a distinct margin between pale and dark areas. ................... A. jobnbrowni n. sp. 
68(67)B. Forewing distinctly yellow in basal 75 and with a distinct margin between pale and dark areas............................................... A. cocto 
68(6 0C. Forewing a a hintof yelow t EPSY ko PAS EFI Pri Hah ae YIR UR HRS RR TERR ERE ES A. mariaheikkilae n. sp. 






A 











Couplet 68 
pU DS I DTS coxa A AA HERI eR AE AEM csuisgoussdicudewesnasoasiinauauavenssdeonsadsoasgasagsaasous A. arawak 
69(64)B. Hindicoxaswith a blackspatchslareralisz(maysonlysbespiesentotieat apex) ee. ...» «seseensenaeaeen continere nenne notte eR a cenando saven ÓN 70 
Couplet 69 
70(69)A. Forewing with a well-defined margin between apical infuscate area and basal yellow area ..................... A. brendameierottoae n. sp. 
70(69)B. Forewing lacking a well-defined margin between apical infuscate area and basal pale area................................. A. paulbeberti n. sp. 
Couplet 70 
VEL e VEIT S m melaniC cc e 0 72 
7 159) D Penultimaremnetasomaljrercumepalemneddish orangeito el [ow hest: HET EN e e e aair T rsr 7 74 





Couplet 71 
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(2A Median tergites dan 2 mostly or Ente melanoma A. scottmilleri n. sp. male 


PA o e A A A UNIS ENT 73 











Couplet 72 
7572 AS Propoucuimatco ate, with atles none else AERE... oontra te emen eset E SY RE ev veh res ec orar eo dese A. kaydodgeae n. sp. 
73022) Bee ropedeumlackine;eaimplete arcolac, moselysonteompletelyssmobth coco rencia eoe eto reor Y e erra edet roro nba ePi cosacos ci UNUS A. varius 
Couplet 73 
FATA Reg ane ere Rays... ete TRET es AE LL M eu e E EE 75 
7AB Hindicoxaiwitmaiblackipatchilaterallytor near apex recreere T T TOt TEE TT TT CET T DOO T 76 
Couplet 74 
ADAME SOR clon DISTA, nie CMe Me NG, a ip A. cuna female 
75(74)B. Forewing mostly melanie withma clear vertical band near SEBIma.. recae eris onus cedo attenta doa one sake vo sus oa sib en at A. donlafontainei female 





Couplet 75 
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/6073)A. Förewing banded from base: yellow, infuscate, yellow, IIS CRISS ssc «e cresson ennan A. scottmilleri n. sp. female 


TOBA T NIS TEES CLOS 2 E A. cara 








Couplet 76 
77(63)A.. Propodeum lacking complete areolae, mostly or completely Smooth... .sisaue....:0..avevaveverssosoonssautnesseonsestsesencesssvsevesseaesvens ddd A. varius 
72083) D Propodenmeareolateswith'atdeast onexelosedüatieg a. ii robert s estt re aake br ese teda utis dencia A, donlafontainei n. sp. male 
Couplet 77 
7 SGU Maa o o A a asec ue MMR c c MUR anaes EA E A A 79 
FO Bln ere emia ane UNS eg) Ml otra a a unten eacantueeacances Id 
o ad pole AMA 142 
7800 D.:Mesoscutumtmostly melanie with some Pale lso NS pue coin soda niona ano ot ca CORTE a ARI ccna e aea ee BUR ies nda acacia 1a Ren cagan 144 





Couplet 78 
EAS S UMSO QT m 80 
pA e O 83 
TA 3ipaletanteriorly melani o «succedat tes adco A eter ei aique vehe Rae eeu Eta nE A, yuchinkengae n. sp. 





Couplet 79 
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UTA. ME a o iaa 81 
So Sa carton mos ocn e T Eiee A. semihespenheidei n. sp. 





Couplet 80 
BIG A. Median tercite cupnc AI o a a A ea 82 
81(80)B. a o o ls AA A o EK eeu Pepe pu Seo eod aE A. bespenbeidei n. sp. 








Couplet 81 
82(8D A. Forewing almost entirely infuscate, ignore small clear patches posteriad stigma .......1... eae enne natn enero dorar A. ekchuah 
82(81)B. Forewing patterned with arc eat or white area MAMMA totum tese S A. tanyadapkeyae n. sp. 
Couplet 82 
8379) APrecoxalsulonsdistincrand'fovsolare 92 ormore lengthřof mesopleUton stusset ae rt enne rata oa radar eveniant 96 
83(79)B. Precoxal sulcus with one or several distinct foveae posteroventrally, with or without a smooth groove extending anteriorly........... 84 


83(79)C. Precoxal sulcus absent or mostly absent, represented at most by small, shallow depression, usually posteriorly, crenulae always 





Couplet 83 
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84(83)A. First tergum varying from weakly convex to with a rounded longitudinal bulge cocine ins 85 
84(83)B. Firsttergum with well defined T TE TTS E 92 
8483) First tereum with a lo A iresesersisiitererenet irata etre htt FR ertet iate E CE EEEE SERER SEKERE Ae a taR er ene 95 








Couplet 84 
85(84)A. Occiput dorsolaterally rounded; clypeus unmodified, cin pr LETALES roca cin eine 86 
85(84)B. Occiput dorsolaterally with squared protuberances; clypeus with lateral protuberances ................................ A. victoriapookae n. sp. 
Couplet 85 
86(85) A) Forewing almost entirely infuscate ignore small clear patches posteriad SUSIA c.csccnsecascensnsaseusssdcededasuceconccnsocniedenedusosabecassdussstneserens 87 
86(85)B-Forewingapatternediwith largesclear y white, o AA A O ccce ce T 90 





Couplet 86 
SAT OEM a er Ree e LEUR 89 
SAE OB Propo A A A TN AA 88 





Couplet 87 
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8887A. Body color Dae o A A A. Jobnburnsi n. sp. 


Baro o lola odo collado lato ele orange Tor a ald Meter AA. A Irene nter ertt nidore een nm A. markmetzi n. sp. 








Couplet 88 
69(87)A Propodeum arcolate adas else A et Aea aiaa A etre asavenssteveesinaadecnae A. markmetzi n. sp. 
89(87)B. Propodeum lacking, complete areolae, mostly or completely smooth ................ 4. NOT Ueasarsenonssvvesvarsosenene A. johnobryckii n. sp. 
Couplet 89 
OO SG) esDroDodsumsatsolare with at least one c IOS Sa SOIN... BERN. aid A. markmetzi n. sp. 
D0(86)B" Propodeum lacking complere areolac, usually mostly or completely" SImOOEB S... ....11.. eu enne roa opp nace ounce teet nete enano neon aene nenne de 91 





Couplet 90 
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91(90)A. Hind coxatenurely or almost entirely pale; hind femur mostly Or entirely TIE, ...2.4.5.5scs0.0s-censacsencenaesenaspeascncssnosonesnresets A. englishi 


91(90)B. Hind coxa pale with a large melanic patch laterally; hind femur mostly or entirely pale .................................... A. johnburnsi n. sp. 








Couplet 91 
92(84)A. First median tergite longer than wide; third tergum lacking transverse depression or depression barely indicated........................... 93 
92(84)B. First median tergite wider than long; third tergum with deep transverse depression sss esse essen A. miqa 
Couplet 92 
93(92)A. Propodeum with more defined and complete sculpture; first median tergite mostly orange....................... eene 94 
93(92)B. Propodeum with less defined and complete sculpture; first median tergite yellow.................................... sss A, johnburnsi n. sp. 





Couplet 93 
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gA OAR Rropodeum andimeapleuron Atl ec A. sarahmeierottoae n. sp. male 


MOBA Propodenm and Meapleuroni Will A A EEE A. johnobryckii n. sp. 





Couplet 94 
ISEDA ceda: a open EME e IRA... AO a ar nn A. barbsharanowskiae n. sp. female 
95(84)B: a A trar SEPIUS. Pe A A. kaciejoae n. sp. 





Couplet 95 
Do 89) As DES SOS ue EN eerste o in sosnesuassepleeans cacsasisaslcecseaeuntonessvadabastn 97 
968 BA RrOpO deung o A A LM MM A a O UEM E aaa Mths, EE. 99 





Couplet 96 


60 B Contributions in Science, Number 526 Sharkey et al.: Alabagrus of Costa Rica 


QUA MUI Sa E A OL GI TE a EEEE E PEA A R A A aiat A. keithwillmotti n. sp. 
9795) D Mero ma MO VO tee Eee O ee o cm PENIS le Ia E UR Lee EA AAAA 98 











Couplet 97 
JOA tua ecuador dicción A. brianbarrisi n. sp. 
98(97)B7 First tergum wit TT TTT TETE TTT A. kaciejoae n. sp. male 
Couplet 98 
99(06)A. First teroummvanying from weakly convex to with a rounded lengitudinal:bulge:s............21 nente erotic nonse 100 
99(96)B. Firsttergumiwith welledemied. median-longitudinal carina 4$... o ERR A A a adicta 104 
Couplet 99 
NS OR femur mostdysor entirely, plera oot e cditio tesi ide ure M RESTO Idea Se TEE HUS ASTA de TEE 101 
100(99)B. Hindtfemur mostly PP TTT 103 





Couplet 100 
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UG) MRI Ta a aa T 102 
LOL CTOO)B:. E o A emer tte ee size T eee es, cement m yi A. nicoya 





Couplet 101 


102(101)A, Porewins with yellowish:or:clear-areasextendine to: the second-submarginal Celli,..,....ccccssosssscossesesscesnscesservecnnessevdevsersestees A. roibasi 


102(101)B. Forewing entirely infuscate or, if with yellowish or clear area basally, it does not extend to second submarginal cell (we 
cannot distinguish the following three species Morphologically TOI DET IE DET USue das etie erae ins 
— o —  — c MM A. jennyphillipsae n. sp., A. isidrochaconi n. sp., A. jeanfrancoislandryi n. sp. 





Couplet 102 


103( 100 AT Protuberance present lateralito clypeus; aen HOC Ge YER... uasa raso tonno donantes rito ios aranea A. victoriapookae n. sp. 

1020 BE rotuberatice absent lateral toncly pens perite ODIO eis. i. noon esise secere ea caca ee ACESS STESEN OSIPA EEEE RESAS ga vs aenea seda A. arua 

103(100)C. Protuberance absent lateral to clypeus; gena not elongate (the common state for Alabagrus Species) .................... ees 
MOMS unius A. MM o: eT o irc od RPT eem coe A. jeanfrancoislandryi n. sp. males 





Couplet 103 
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104(99)A. Hind femur with weak sparse punctures ventrally, little or no more heavily sculptured than dorsal surface.............................. 
MUSS o LU tM ne or € A. sarahmeierottoae n. sp. male 


104(99)B. Hind femur heavily sculptured ventrally with aciculations or rugosities, distinctly more heavily sculptured than dorsal surface 
I cro CRM . KE A oe A. paulthiaucourti n. sp. 





Couplet 104 


105(82)A. Penultimate aso male etapa (Or more) melanie. iia E cda 106 


105(62)B. Penulcimarcsmetasomal tereumspalesreddish*orauee tap yell Oi or, dera cociente eones E aeta alpha REM eda eae EE ENSE 107 





Couplet 105 


TOG(IO5)A- Metapléeizon mostly or:entirely melanic; Dropocdeum mielanic ..... ..us eus sous o rotae rane noon geya A. stiremani n. sp. 


106005 BMictapleimen mostly on entirely pales propadeunmspalec... 25999. mandan T aa adan cetonas A. quickei n. sp. 





Couplet 106 


A N rono tumtentirelyamelanic IOS T TTE TOTO T A 108 


07 01008, Pronotumipartlyromcompletel ya pal ekr e pintas ie paria I A. sarahsharkeyae n. sp. 





Couplet 107 
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108(107)A. Third tergum lacking transverse depression or depression barely indicated; first tergum varying from weakly convex to with a 
soundedlongiPudinalibulpes.... er M ET D E TURNUS 109 


108(107)B. Third tergum with deep transverse depression; first tergum with well-defined median longitudinal carina......................... A. miga 





Couplet 108 


109(108)A. Propodeum sculptured, minimally with two diverging carinae anteriorly .................................. A. sarahmeierottoae n. sp. female 


109(108)B. Propodeum completely smooth-orwith-a slight bulge anteromecdially. s.s ecu enar eee eese eet rarae cercanas dieses 110 





Couplet 109 


IPOD. Bodvmiclaniz and 612886, 2097... EUR. eee ott Dam T T E EAE EEE E Aa A. englishi 
TRO GIG BS Bodyemeluictandb ello A T enis TERRENOS A, Jobnburnsi n. sp. 





Couplet 110 
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LINZA- Precoxal sulcus distinct and foveolatet2 ot more Ilehsih of mMesopleuron iii iia 125 


111(78)B. Precoxal sulcus with one or several distinct foveae posteroventrally with or without a smooth groove extending anteriorly, fovea 
A a ON 112 


111(78)C. Precoxal sulcus absent or mostly absent, represented at most by small, shallow depression, usually posteriorly, crenulae always 


A A PR. 2 A A O M. 133 





Couplet 111 


LZ OO ANEropodeum areolateswithtat least One Close cs Ane Ola rieron etes E sias n TdT 113 


BONO) B Propodenmmlackino complete arcglae, tnosslv SRIoobln...c.sa H bre MU esaii aaa a eaa PE ER pa dodo anar 117 





Couplet 112 


113(112)A. Botines a nada A. voto 
MEA Forewing lacking a A ———————— E E 114 





Couplet 113 








